T he clinical event of stroke is not always a good guide to the existence of cerebral infarction. The advent of widespread neuroimaging has made this clear: up to one-third of patients with TIA and no physical examination changes have infarcts on scans. 1 These patients are at even higher risk for subsequent stroke 1 as are other patients with silent cerebral infarction. 2 In consequence, silent cerebral ischemia is recognized as part of a spectrum of cerebrovascular disease, which also includes TIA to stroke. In this issue of Stroke, Das et al 3 contribute to our understanding of silent cerebral infarction by evaluating its prevalence and correlates infarcts in the Framingham Offspring study. They report a prevalence of 10.7% among Ͼ2000 mid-life (mean age, 61 years), community-dwelling people who were clinically stroke-free. Das et al 3 propose that only some vascular risk factors are linked to silent cerebral infarction.
The strengths of the Framingham data are well-known, and this report from the Offspring study joins what are literally generations of others from that impressive investigation in building a better understanding of the interplay between vascular risk factors and adverse events. Inevitably, the results raise additional questions. Some, such as understanding the impact of silent cerebral infarction on outcomes in this sample-ie, what difference did these silent infarcts make to those who had them?-accept the premises of the study. But there is merit, too, in pursuing other questions that arise from these data, even when these questions reflect uncertainty about the starting assumptions that first motivated the inquiry reported here.
To begin, what makes cerebral infarction silent? The Framingham data collection protocol used a time-based definition of stroke as "rapidly developing signs of focal neurological disturbance of presumed vascular etiology lasting more than 24 hours." 4 At each examination cycle, a physician completed a semi-structured questionnaire, and annual telephone surveillance was also performed, together with local hospital record checks. Although rigorous, this approach appears likely to have been insensitive to some milder strokes that clinically recovered before 24 hours, but that did result in some degree of ischemic brain injury, however subtle. In addition, the earlier approach to stroke occurred on the background of a rich, but curious, tradition in neurology of speaking of the "eloquence" of various parts of the cortex.
Eloquence implies that the speaker is deficient if the message does not get through, but what of the listener? How hard must we listen before we can conclude that nothing is being said? For example, for a long time the frontal lobes were held to be silent. Even now, some stroke neurologists can need encouragement to assess cognitive function, so that readily available rapid methods for cognitive assessment are being promoted. 5 The need for such encouragement reflects not only the heavy clinical demands imposed by the burden of stroke and by the need in a great many cases for very rapid treatment but also a culture of what might be termed "motor strip neurology." Consider that the majority of guidelines for the management of vascular risk factors, while celebrating the role of the brain as a "target organ" in need of a complete history and physical examination, make no mention of cognition in the evaluation of end organ damage. Here, Das et al are bound to standardized clinical evaluations that appear to have included cognitive screening, but not detailed testing of executive function, where the burden of otherwise silent subcortical infarction is especially felt to lie, 6 and where focused secondary prevention might be beneficial. 7 At another extreme of the case of the brain speaking, but clinicians not listening, are those vascular dementia criteria that ignore imaged ischemic lesions if they do not have corresponding stroke symptoms. 8 The claim by Das et al that only some vascular risk factors are important in silent cerebral infarction is of interest, and they make that case for atrial fibrillation, left ventricular hypertrophy, and elevated homocysteine in addition to hypertension (the last of which has also been found in another recent study). 9 But does this conclusion arise because it is what the data say, or does it, too, reflect how we listen?
Here, the investigators considered some vascular risk factors separately and others in combination, with the latter being in the Framingham Stroke Risk Profile, which includes age, SBP, antihypertensive therapy, DM, cigarette smoking, cardiovascular disease, atrial fibrillation, and electrocardiographic evidence of left ventricular hypertrophy. Increasing levels of the aggregate Framingham Stroke Risk Profile scores were associated with higher odds of silent cerebral infarction. In addition, echocardiographic measurement of left ventricular mass, sonographic carotid artery measurements, various cholesterol, and homocysteine levels were studied, but not all reached statistical significance in the ageand sex-adjusted logistic regression model.
An important question in understanding these results is the extent to which we are prepared to believe that the various vascular risk factors are independent, ie, that they do not co-vary across their range, or in interactions. Independence of factors is assumed in multivariable models that aim to tease out effects of one versus another, but is the assumption reasonable? An alternative, which does not require that assumption, which, in fact, violates it, is to count risks in an index variable, as is performed with the Framingham Stroke Risk Profile or in other vascular risk factor index variables. 10, 11 So, instead of evaluating hypertension and dyslipidemia each in relation to stroke, we can consider "vascular risk factor burden," with factors combined in an index variable, in relation to stroke.
Of course, traditional multivariable analyses can also show that risk factors are cumulative. But it is not at all common for traditional analyses to deal with interactions. The reason is simple: interactions increase exponentially, so that even with a few variables, sample size requirements become unmanageable. A related issue is what mathematicians call "computational intractability," ie, that there are too many interactions to take into account. For example, with just 4 variables, eg, hypertension, dyslipidemia, diabetes, and dysrhythmia, the interactions are not just the doubles of hypertension-diabetes, diabetes-dyslipidemia, etc, but the triples of hypertension-diabetes-dysrhythmia, diabetes-dysrhythmia-dyslipidemia, and so forth. It may well be the interactions that are important in allowing individually small, biologically meaningful, clinically relevant effects to be expressed and that these interactions, if not accounted for, mean that small, additive effects are masked. In other words, the effect of studying risk factors independently is that we "know more and more about less and less." What we know more is the myriad ways that individual factors might be associated with adverse outcomes. What is lost is a good understanding of how the factors work together. In contrast, working with index variables of several risk factors can be a more parsimonious model, with greater explanatory power, than traditional multivariable models. The ability to focus on the impact of individual factors is of course lessened, but the importance attached to that loss again is the question of the independence of the various factors.
Perhaps more important than the question of independence (after all, individual items from a risk factor index can be isolated in relation to the rest of the index) is that index variables can themselves be the object of useful inquiry. For example, it is possible to evaluate by what patterns mean levels of the index variables accumulate, eg, linear or nonlinear. How do the index variables change over time, or with treatment? Is there a limit to risk factor accumulation? If so, is it expressed in a simple quantitative count-are there just so many risk factors that an individual can have before an adverse outcome occurs?-or must they be expressed in a time function (eg, how many factors can be present for what period of time)? Will multi-component interventions (eg, exercise) affect some variables more than others, or will they affect the count most of all?
The view of the brain as a dynamic organ of, at a minimum, complex circuitry encourages its more complex, dynamical evaluation. 12 It may be that for some issues as complex as why some strokes are expressed in traditional ways whereas others are not, we need access to an apparatus that can consider the full scope of the question. Too often in medicine we use the word "complex" simply as a synonym for "complicated" and do not take advantage of the mathematical tools that allow complexity to be evaluated. Index variables can themselves be the objects of study, ie, they can offer considerably more illumination than showing graded risk. After all, who would doubt that the more risk factors a person has, the more likely that person is to have a stroke? Complex systems analyses used to evaluate changes in the index variables can allow more than gradations of risk to be explored.
Just as recent generations of investigators and, later, practitioners have come to grips with molecular genetics and the magnetization of hydrogen molecules in radiofrequency fields, so a new crop of investigators is embracing the complexity of networks and systems approaches to brain function. If the brain is speaking to us in mathematical terms, perhaps cerebral silence is less the problem than that of listener deafness. 
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